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Abstract-This study investigates a four-terminal 
mechanically stacked double junction photovoltaic 
device based on GaAs as a top subcell and Si as a 
bottom subcell. Unlike two terminal monolithically 
series connected double junction photovoltaics, four-
terminal mechanically stacked devices benefit from the 
ability to choose a combination of materials that are not 
constrained to lattice matching condition. GaAs top 
subcell is the best sensitive to visible light and Si bottom 
subcell is chosen to be grown on Si substrate which has 
relatively low cost. Moreover, the carriers generated by 
each subcell is collected independently to the external 
circuit. This electrical isolation of the subcells ensures 
higher efficiency, where no current matching nor tunnel 
junctions and related losses exist. A conversion 
efficiency of the device with a thickness in the order of 
10 microns surpassed 27%.  
I. INTRODUCTION 
Nanodevices have been investigated for different 
electronic applications such as memory devices, 
sensors, thin film transistors, light emitting diodes 
and solar cells [1-8]. Solar cells enable the use of 
renewable, clean, and sustainable source of electrical 
energy. Multijunction solar cells have the potential to 
compete with fossil fuels due to their ultrahigh 
efficiency [9, 10]. But still they are not used 
commercially due to their high cost, which is directly 
related to the materials used in the cells. The choice 
of the materials used is constrained to the design and 
electrical configuration of the cell [11]. The 
conventional two-terminal series-connected 
monolithic multijunction is constrained to lattice and 
current matching conditions [11, 12]. Lattice 
matching condition hinders the choice of materials 
that best absorb the solar spectrum. Lattice 
mismatched materials cannot be used in the same 
cell, as this results in a high density of dislocations. 
Dislocations are active sites of non-radiative 
recombination, which limit the solar cell efficiency 
by reducing the carriers lifetime [13, 14]. Unlike the 
constrained two-terminal configuration, four-terminal 
device structure has a high degree of flexibility. 
Indeed, the choice of materials that best absorb the 
incident spectrum is broader, as there is no lattice 
matching requirement. Moreover, the carriers 
generated by each subcell is collected independently 
to the external circuit. This electrical isolation of the  
subcells ensures higher efficiency, where no current 
matching nor tunnel junctions and related losses 
exist. Thus four terminal mechanical stack was one of 
the configurations that boosted Shockley limit [15] of 
solar cell conversion efficiency [16].  
This study investigates a four-terminal mechanically 
stacked double-junction photovoltaic device based on 
GaAs as a top subcell and Si as a bottom subcell. A 
lattice mismatch of about 4% exists between the 
materials used, but this lattice mismatch does not 
contribute to any losses in this novel device 
configuration.  
II.  DEVICE DESIGN 
Our choice of the material for the proposed device is 
GaAs (1.424 eV) for the top subcell and Si (1.124 
eV) for the bottom subcell. This combination allows 
us to optimize the absorption of the solar spectrum in 
the visible region, GaAs is the most sensitive material 
to visible light, and Si is chosen to be grown on Si 
substrate which has relatively low cost. The GaAs is 
grown independently on GaAs substrate that is then 
etched and the GaAs active region is mechanically 
stacked in a four terminal configuration on the Si 
bottom subcell. The GaAs etched substrate can be 
reused in the growth of another subcell, which will 
decrease the cost of the final device manufacturing. A 
schematic of the proposed device is shown in Fig. 1.  
The commercial simulation program PC1D [7] was 
used in the modeling and simulation of the device. 
The optimization of the device active layers for 
thicknesses and doping concentrations proceeded 
from the GaAs top subcell to the Si bottom subcell, 
i.e. from the top to the bottom of the device. The 
device optimization was performed under an 
illumination intensity of 0.1 W/cm2, i.e. 1 sun, of the 
terrestrial AM1.5G spectrum. The device temperature 
was assumed to be constant at 25oC, the simulated 
active area of the device was 1cm2, and appropriate 
materials input parameters were used [7].  
 
 Figure 1: Schematic of a four-terminal mechanically 
stacked double-junction GaAs/Si. 
III. Device Optimization 
The optimization of the thicknesses of the top subcell 
active layers was carried out taking into consideration 
the gain-loss balance between the top and bottom 
subcells. The optimal values obtained were for the 
whole tandem device and not individual subcells. A 
thickness of 0.1µm emitter layer of the GaAs top 
subcell is expected to be optimal. The gain-loss 
balance and the PV parameters i.e. efficiency, open 
circuit voltage, short circuit current density, and the 
fill factor are plotted in Fig. 2 versus the GaAs base 
layer. The tandem device efficiency (i.e. the top plus 
bottom subcells efficiencies) has its highest value of 
27.55% at a base thickness between 0.1 and 0.2µm. 
The GaAs subcell can reach alone a value higher than 
22% for a base thickness of 1µm, but this thickness 
results in an overall efficiency of 26.8% which is not 
optimal for the whole tandem. The thickness of the 
bottom subcell does not affect the top subcell, and 
thus a range of thicknesses between 5 and 20µm can 
be implemented giving a flexibility ragarding the 
active layers growth. A thickness of 10µm, i.e. 2µm 
for emitter and 8µm for base is chosen for the silicon 
cell to finalize the optimization and device operation. 
The variation in the doping concentration of the top 
subcell active layers does not affect the bottom 
subcell. The PV parameters of the top subcell versus 
emitter and base doping concentrations are plotted in 
Fig. 3. The doping concentrations were varied 
between 1015 and 1018cm-3, and the best performance 
was for a doping concentration of 1016cm-3 predicted 
for both emitter and base of the top subcell. The 
doping concentrations of the bottom subcell active 
layers were also investigated. Optimal doping 
concentrations of 1018 and 1016cm-3 were determined 
for the emitter and base of the bottom subcell 
respectively. 
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Figure 2: PV parameters as a function of the GaAs 
subcell base thickness. 
10
11
12
13
14
15
16
17
10
12
14
16
18
20
22
870
900
10
15
10
16
10
17
10
18
0.6
0.7
0.8
0.9
1.0




 GaAs base doping concentration
 GaAs emitter doping concentration
I s
c
 (
m
A
/c
m
2
)
V
o
c
 (
m
V
/c
m
2
)
F
F
Doping concentration (cm
-3
)
 
Figure 3: PV parameters of GaAs cell versus its 
emitter and base doping concentrations. 
 
The I-V curves of the optimized device under one sun 
illumination and at 25oC are plotted in Fig. 4. The 
current-voltage characteristics generated by the 
proposed device show the four-terminal configuration 
superiority, where the current-mismatch between top 
and bottom subcells is clear. The current densities 
will be much less if the same subcells are grown 
monolithically in a two terminal series connected 
configuration, due to the recombination that takes 
place at the resulting dislocation from the lattice-
mismatch between both materials. 
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Figure 4: I-V curves of optimal top and bottom 
subcells. 
IV. CONCLUSION 
A double-junction four-terminal mechanically 
stacked GaAs/Si photovoltaic device was simulated, 
and the potential of the device for CPV applications 
was investigated. The optimized device with a total 
thickness in the order of 10 microns is expected to 
reach a 27.55% conversion efficiency. The I-V 
curves of the optimized device were generated. The 
proposed device configuration benefit from the 
combination of appropriate materials without any 
constraints. The electrical isolation of the subcells 
through the four-terminal configuration allows the 
carriers to be independently collected without any 
losses that exist in the conventional two-terminal 
configuration. The proposed device was studied in a 
configuration that gives the highest flexibility 
possible for a multijunction solar cell design. 
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